ABSTRACT. We osteometrically examined the skulls of the black giant squirrel (Ratufa bicolor) from three mainland populations (M. Malayan Peninsula, V. South Vietnam, and B. Burma, India and North Thailand) and from two island populations (T. Tioman, and S. Sumatra Islands). The skull in the Malayan peninsula population was significantly smaller than that of the two other mainland populations. It is consistent with Bergmann's rule as shown in the gray-bellied squirrel. The two island populations did not show obvious differences in comparison with the Malayan population in many measurements. In the proportion analysis eliminating the size factor, the differences among populations were not easily confirmed and we concluded that the osteological characters peculiar to each population could not be shown in this species. The first and second principal component scores of M, S, and T populations were intermingled, whereas the V and B populations of V and B were not separated in the chart. We pointed out that the morphological differences were demonstrated between northern and southern groups of the Isthmus of Kra in the mainland populations, and that the two island populations did not show the island-isolation effect in comparison with the M population. The adaptational variation related to feeding and locomotion could not be confirmed among populations of the black giant squirrel as shown in the proportion analysis.
The 30 species of the Family Sciuridae showing variations in the geographical populations are distributed throughout the Indomalayan Region [1, 2, 10, 11] . The black giant squirrel (Ratufa bicolor) is widely distributed in the southern part of China, Burma, east Himalayan region, Thailand, Laos, Vietnam, Malayan Peninsula, Sumatra, Java and some islands of Southeast Asia [1, 2] . Since the distribution area is so large, skeletal specimens from various geographical locations have been expected to osteometrically examine. The genus Ratufa consists of four species with a large body size that is highly adapted to arboreal locomotion and herbivorous feeding and nutrition [1, 2, 10] . The black giant squirrel has attracted anatomists as a model indicating these adaptational patterns in the Family Sciuridae. Our aim is to confirm the zoogeographical similarities and to elucidate the adaptational strategies in skull size and shape in this species.
MATERIALS AND METHODS
We examined a total of 70 skulls of the black giant squirrel that have been stored in the Mammal Division of the National Museum of Natural History at the Smithsonian Institution (Table 1) . Sex determination was dependent on the description of biological data of specimens. Only specimens with fully erupted molars were used. The composition of origin and sex, and population symbols are shown in Table 1 . Skull measurement was carried out with vernier calipers to the nearest 0.05 mm. Measurements are defined in Table 2 , and were based on Driesch [3] . Differences of mean values among localities were examined by Student's ttest. We compared the three mainland populations, and the mainland M population was compared with the two island populations. Proportion indices were obtained for discussion of the adaptation. The indices were the quotients of each measurement value divided by the geometric mean of all measurement values. The significant differences of proportion indices were examined among localities by nonparametric U-test using software Statistica (Statsoft Inc., Tokyo, Japan). In addition, principal component analysis was carried out with all measurement data to clarify variations among geographical localities. A package software for multivariate analysis (Shakai-Joho Service, Tokyo, Japan) added to Microsoft Excel 98 was used for this analysis.
RESULTS
Mean values and standard deviations of the 23 measurements are given in Table 3 . Statistical differences in these measurements between combinations of various populations are shown in Table 4 . All mean values were significantly smaller in M population than in V and B populations except for the LMR2 in males. In contrast, many measurements did not show significant differences between the V and B populations.
In the length measurements representing the skull size, the mean values of PL and ML were smaller in the T populations than in the mainland M population in both sexes. In ML, however, the male is larger in the M population than in the S population, and the female is smaller in the M population than in the S population. Although the measurements of GNB, GOB and LBM among the M, S and T populations were significantly different in both sexes (Table 4) , we could not establish a rule in items showing obviously different values. The sexual dimorphism in size tendency was not recognized in various populations.
The proportion indices are arranged in Table 5 , and their significant differences confirmed by nonparametric U-test among localities are shown in Table 6 . The significant differences were not confirmed in many comparisons in Table  6 . The comparison in male between the M and V populations showed significant differences in CL, SL, GOB, LMR1, GPB, LBS, LBM, HAB, LC and LMR2. The M population was obviously different from S population in GNB, HM and AHR in male, and in LBO, LBC, GNB, GOB, LBS and LBR in female. In the other comparisons between the localities, however, the significant differences were found only in GOB and HM between the M and B male populations, in PL, GOB and LC between the S and T male populations, in HAB between the M and T male populations, in AHR and OHR in the M and B female populations and in LC between the V and B female populations.
The principal component charts are shown in Fig. 1 , and loading factors are arranged in each measurement ( Table 7) . The plots were obviously separated into the two major groups: 1) M, T and S populations, 2) V and B populations. The plots were intermingled among M, S and T populations, and among V and B populations in their distribution.
DISCUSSION
Our two studies on the variation in geographical populations showed the different results between Dremomys rufigenis and Callosciurus caniceps. We have pointed out that the northern population of the red-cheeked squirrel is larger than the southern population [6] and that the northern population of the gray-bellied squirrel is smaller than the southern population [7] . The present results on the black giant squirrel are consistent with those of the gray-bellied squirrel. The case agrees with Bergmann's rule in size tendency among various populations. The origins of the M population were Surat Thani, Trang, Selangor and the neighboring districts of Kuala Lumpur. Although the sympatric distribution of two different populations was reported in tree shrews in the south side of the Isthmus of Kra [4, 5, 8] , we should examine the genetic dis- Table 6 . Significant differences of proportion indices among three populations of the black giant squirrel tance between M and the two other mainland populations in the future. The skull size differences were so obvious that we should observe the species-level separation between north and south side populations in the Isthmus of Kra. The proportion indices from U-test showing significant differences were few. Certainly the comparisons between M and V, and M and S showed some items with significant differences. However, we could not consider the differences as a result of functional-morphological adaptation in these cases. Although we demonstrated in the proportion analysis [6] that the feeding pattern and locomotion tendencies were diverged among Malaysian and northern Indochinese populations of red-cheeked squirrel, we did not observe differences of adaptational strategy among populations of the black giant squirrel. We suggest that the Ratufa bicolor has highly adapted to arboreal and herbivorous life in its evolutionary process [1, 2, 10] , and that unlike Dremomys species [6] the higher specialization had been totally completed within the single species and has covered the micro-adaptational strategy among the many populations of Ratufa bicolor used in this study.
Since Tioman and Sumatra Islands are closely located to the Malayan Peninsula, we compared the two island populations with M population. From the principal component charts the M, S and T groups were actually separated from the V and B ones. We think that it is due to the geographic barrier separation of the Isthmus of Kra, and that the M, S and T populations belong to the evolutionary southern lines in the history of the Kra separation [4, 5, 8] . The island-isolation effect in Tioman and Sumatra Islands was not obviously confirmed in this species, and we suggest that the principal component analysis did not clearly distinguish the island populations from the M population. However, northern V and B populations from Vietnam, Burma, India, and north Thailand were concentrated into one group in this study. In the analysis of Tupaia belangeri, we accepted that the skull from Bangladesh belongs to the northern evolutionary lines [4] ; the present results form materials from Burma and India also support those of the Tupaia. In the future, we should examine the size and shape of the skulls Table 1 . Horizontal axis, the first principal component. Vertical axis, the second principal component. Percentages of the variation explained by each factor (*).
from these west regions in detail.
The five populations examined in this study were considered as five subspecies (Table 1 ) [1] . The three mainland populations were similar in skin color; the dorsal part was dark brown, and ventral part was cream. The tail was blackish in Ratufa bicolor smithi [9] , whereas Ratufa bicolor peninsulae possessed considerably whitish cheeks. In the two island populations, Ratufa bicolor palliata showed light brown, that was clearly distinguished from the four other subspecies. Ratufa bicolor tiomanensis was black in dorsal part and yellow in ventral and cheek areas. We think that the similarities in skin color do not reflect the zoogeographical peculiarities in these populations. However, the traditional distinction of subspecies [1] could be partially appreciated by the present statistical comparisons among the five populations.
